Thermodynamic mechanism and consequences of the polyproline II (PII) structural bias in the denatured states of proteins.
A quantitative characterization of the structure and energy of the denatured states of proteins represents the cornerstone to a molecular-level understanding of both protein stability and fold specificity. Recent studies have revealed a significant bias in unstructured peptides toward the polyproline II (P(II)) conformation, even when no prolines are present in the sequence. This indicates that the P(II) conformation is a dominant component of the denatured states of proteins, although a quantitative description of the component enthalpy and entropy functions associated with this conformation (i.e., the thermodynamic mechanism) has thus far proven elusive. An experimental system has been designed that, when analyzed with high-precision isothermal titration calorimetry, provides direct access to the residue-specific thermodynamics of the P(II) structure formation in disordered proteins and peptides. Here, it is shown that the P(II) bias is driven by a favorable and significant enthalpy (Deltah) of -1.7 kcal mol(-1) residue(-1), which is partially offset by an unfavorable entropy (TDeltas) of -0.7 kcal mol(-1) residue(-1), relative to the ensemble of disordered conformations of the molecule. In addition to impacting dramatically the interpretation of thermal denaturation experiments, these experimental values form the framework of a quantitative energetic description of the denatured states of proteins.